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(57) ABSTRACT 

An immunological response potentiation process is dis 
closed for synthetic or genetically engineered antigens hav 
ing loW immunogenicity. The antigen is embedded into 
biodegradable microparticles; these antigen-loaded micro 
particles are dispersed in a biodegradable medium Which 
triggers When it is parenterally administered a potentiated 
antibody; TH-lymphocyte and Tc-lymphocyte response; as 
compared to an aqueous antigen solution. The extent of 
immunological potentiation is at least comparable With that 
attained by IFA compositions. Linear B-TH-cell epitopes; 
linear Tc-cell epitopes; dimers and multimers of said 
epitopes; as Well as their mixtures; are used as loW immu 
nogenicity antigens. The microparticles are based on biode 
gradable biopolymers such as polyester; polyanhydride; 
polyorthoester. By mixing microparticles With different Wet 
tabilities; sWellabilities; release and biodegradation times; 
the most intense and longest immunological potentiation is 
achieved. This process is useful for immunising human 
beings and animals against diseases caused by viruses; 
bacteria; protoZoa or tumour cells. 
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IMMUNOLOGICAL RESPONSE POTENTIATION 
PROCESS 

[0001] The present invention relates to a process for 
potentiating the immunogenicity of synthetic, Weakly immu 
nogenic antigens. In What follows, synthetic, Weakly immu 
nogenic antigens are understood to be compounds having 
peptide or protein structures Which are produced either 
chemically or by means of recombinant DNA technology 
and Which, folloWing parenteral administration in an aque 
ous solution or in the form of an aluminum adsorbate, only 
trigger an unimportant immunological response With very 
loW antibody titers and lacking or only small T-cell prolif 
eration. This group of antigens Will hereinafter be called 
synthetic antigens for the sake of simplicity. By de?nition 
the immune response to the synthetic antigens herein 
described is therefore negligible if they are administered in 
an aqueous solution. Incomplete Freund’s adjuvant (IPA) is 
used as an experimental reference preparation. IPA is a Water 
in oil (W/O) preparation Which is knoWn to stimulate the 
humoral as Well as the cellular immune response. HoWever, 
IFA can only be used for testing purposes because of strong, 
undesirable side effects. By the term vaccine, formulations 
Will hereinafter be understood Which contain, in addition to 
the antigen, substances Which themselves perform the func 
tion of purely inactive ingredients or an immunopotentiating 
function or even a combination of both functions. Purely 
inactive ingredients are, for example, Water for dissolving 
the antigen for the parenteral administration, anti-microbial, 
isotonicity adjusting and pH-stabiliZing inactive ingredients. 
Often immunipotentiating substances are called adjuvants, 
comprising, for example, insoluble aluminum salts (-phos 
phates, -hydroxides), certain lipopolysaccharides, muramyl 
peptides trehalose compounds, several cytokines, such as 
interleukine 1, lipophilic block copolymers (poloxamers). 
HoWever, the experimental reference preparation incom 
plete Freund’s adjuvant and several administration forms for 
vaccines, such as liposomes, emulsions, nano-capsules, also 
have adjuvant properties. These forms of administration not 
only cause the formation of an antigen deposit in vivo, but 
also have immune-stimulating properties. 

DESCRIPTION OF THE RELATED ART 

[0002] The development of neW vaccines and the 
improvement of existing vaccine formulations has gained in 
importance and urgency in the past years Eppstein et al., 
NeW Adjuvants for Vaccines Containing Puri?ed Protein 
Antigens, Advances in Drug Delivery RevieW 4, 233-253, 
(1990)). The production of synthetic antigens as Well as the 
development of suitable adjuvant formulations and forms of 
administration Which increase the immunogenicity of 
Weakly immunogenic compounds are in the forefront. The 
target of the development of neW antigens is, on the one 
hand, diseases, such as AIDS, malaria, tuberculosis, cholera, 
hepatitis A, cancerous diseases, against Which there are as 
yet no or only insuf?ciently active vaccines; on the other 
hand efforts are directed-toWard the replacement of the 
antigens contained in the traditional vaccines, such as inac 
tivated viruses, bacteria or toxoids, by loW-molecular pep 
tides and proteins Which are easier to produce and to purify 
and can be better characteriZed and Which have the antigenic 
regions of the actual infectious agents in their structure. 
Such antigen peptides and proteins can be obtained at high 
purity biochemically or by means of recombinant DNA 
technology. This neW generation of synthetic antigens has 
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peptide sequences (epitopes) in its chemical structure Which 
stimulate antigen-speci?c TH- (helper), Tc- (cytotoxic) and 
B-lymphocytes. Hereby the so-called TH-, Tc- and B-cell 
epitopes can each be individually present or can be 
covalently linked into a chimeral B-T epitope. Since these 
genetechnologically or chemically produced antigens have 
in general loW molecular Weights of approximately 500 to 
2,000, their immunogenicity is very Weak in contrast to 
toxoids of molecular Weights of 50,000 to 150,000 or in 
contrast to particular antigens, such as inactivated viruses 
and other microorganisms. 

[0003] Strategies for immunogenicity potentiation of syn 
thetic antigens knoWn up to noW are based on increasing in 
a ?rst step the molecular Weight of these antigens by 
covalent linkage and, in a second step, on incorporating 
these higher molecular structures into immunopotentiating 
formulations. 

[0004] It is knoWn that an increase of the molecular Weight 
can be achieved in that the synthetic antigen is covalently 
bound to high-molecular carrier proteins, such as diphtheria 
and tetanus toxoids, bovine serum albumin, keyhole limpet 
hemocyanin. These antigen carrier constructs are disadvan 
tageous because of the employment of very expensive and 
relatively impure proteins from foreign organisms, because 
of the necessity for reactive and relatively toxic agents for 
the covalent linkage of the antigen and the carrier protein 
and because of the dif?culty of puri?cation as Well as 
identity and purity testing of these compounds. On the other 
hand, it has also been proposed to increase the molecular 
Weight of B-T epitopes by covalently linking them in a sort 
of branch structure to form multimers (J. P. Tam, Y.-A. Lu, 
Proceedings of the National Academy of Sciences of the 
USA 86, 9084-9088 (1989)). These constructs are called 
multiple antigen peptides, MAP in short. 

[0005] It is further knoWn that the combination of a B- and 
TH-epitope is essential for an antibody formation to take 
place, and that the combination of a Tc-epitope With a 
TH-epitope can improve the cytotoxic lymphocyte response, 
also called CTL response, after administration in IFA (C. 
Widman et al., J. Immunol. Methods 155, 95-99 (1992)). 

[0006] Various immunopotentiating formulations for such 
Weak immunogen antigens and their higher-molecular con 
structs are described in PS-EP-A1-513,861. O/W emulsions 
containing immune stimulants are a primary part thereof. 
Their inherent thermodynamic instability, Which are 
re?ected by the appearance of coalescence during storage, is 
disadvantageous in connection With these coarsely dispersed 
or colloid-dispersed systems. In addition, the components of 
such liquid-dispersed formulations suffer from chemical 
changes, such as oxidation and hydrolysis. The described 
formulations furthermore mostly require immune stimu 
lants, such as muramyl peptides, Which are not quite harm 
less toxicologically. Finally, these formulations do not shoW 
any long term effects at all. To obtain protection by vacci 
nation over several years it is therefore necessary to inject 
these vaccine formulations three to four times in accordance 
With a de?ned vaccination schedule (so-called “booster” 
injections). 
[0007] Furthermore, a system for the immune potentiation 
of antigens is knoWn from the international publication WO 
92/19263-A1, Which employs so-called biodegradable 
microspheres, also called microcapsules or microparticles. It 
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is disadvantageous With this method that the immune poten 
tiation is mainly observed on the gastro-intestinal mucous 
membranes and therefore Will probably shoW an effect only 
on relative feW pathogens (so-called enterophatogenic 
microorganisms). The fact that the microparticles are admin 
istered in the duodenum and cannot be administered or taken 
perorally precludes a practical use, at least in humans. It 
furthermore appears in accordance With PS-EP-A2-333,523 
that a balanced amount of ?ne (1 to 10 pm) and coarser (20 
to 50 pm) microparticles seems to be an important prereq 
uisite for the immune-potentiating effect. These require 
ments for the siZe range of the microparticles represent an 
additional effort during production and processing of the 
microparticle Which appears to be disadvantageous. 

OBJECTS OF THE INVENTION 

[0008] It is the object of the invention to embed a synthetic 
antigen by means of speci?c biopolymers into biodegradable 
microparticles, to suspend these microparticles in a disper 
sion medium and to administer them parenterally, by means 
of Which a potentiation of the systemic immunological 
response is caused. 

[0009] In accordance With the invention this objective is 
attained by means of a process as set forth in the appended 
claims. Exemplary embodiments for this are described in 
Examples 1 to 6. The process of the invention Will be 
explained in detail beloW by means of FIGS. 1 to 7. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0010] FIG. 1 illustrates a schematic representation of the 
immune potentiation in accordance With the invention. 

[0011] FIG. 2 illustrates antibody titers after a single 
administration of MAP in fast release microcapsules and in 
IFA formulation. 

[0012] FIG. 3 illustrates antibody titers after a single 
administration of MAP in sloW-release microcapsules and 
an IFA formulation. 

[0013] FIG. 4 illustrates antibody titers after a single 
administration of MAP in a mixture of fast and sloW-release 
microcapsules and an IFA formulation. 

[0014] FIG. 5 illustrates antibody titers after a triple 
administration of MAP in fast-release microcapsules and an 
IFA formulation. 

[0015] FIG. 6 illustrates Proliferative T-lymphocyte 
response after a single administration of different, MAP 
containing microcapsules and an IFA formulation 

[0016] FIG. 7 illustrates Tc-response after a single admin 
istration of a mixture of fast-release microcapsules contain 
ing respectively a synthetic Tc-antigen and a related MAP. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0017] 1. Embedding Synthetic Antigen in Biodegradable 
Micro-Particles. 

[0018] The starting point of the process are synthetic 
antigens in accordance With the foregoing de?nition in the 
preamble, Which contain in their knoWn chemical structure 
at least one de?ned epitope of a pathogenic microorganism 
Which can be recogniZed by the immune system. Hereby the 
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epitope can be a B-cell epitope, a TH-cell epitope, a Tc 
epitope or an arbitrary mixture of these epitopes. The 
so-called multiple antigen peptides (MAP), alone or in 
combination With a Tc-epitope, preferably constitute the 
starting point of the process. The origin of the epitopes 
includes bacteria, viruses, protoZoa and tumor cells. In 
accordance With the invention, the synthetic antigen is 
embedded into biodegradable microparticles. It is essential 
for the invention that biopolymers With speci?c physico 
chemical properties are selected for producing the biode 
gradable microparticles. Important properties are Wettabil 
ity, insolubility, sWelling and biodegradability of the 
biopolymers and the spherical microparticles produced 
therefrom in aqueous media an physiological liquids. The 
extent of sWelling of the biodegradation and their biode 
grading time greatly determine the release kinetics of the 
antigens from the microcapsules. It has noW been surpris 
ingly found that these release kinetics also affect the time 
course of the immune response. Examples of such biopoly 
mers of varying Wettability, sWelling and biodegradation 
time are poly (lactic acid), poly(lactic-co-glycolic acid), 
poly(hydroxybutyric acid), poly(hydroxybutyoric-co-va 
leric acid), poly(caprolactone). Embedding of the synthetic 
antigen into the biopolymer is performed by means of 
various knoWn methods such as spray-drying, solvent 
evaporation or coacervation. Antigen-loaded, spherical 
microparticles of a siZe of 1 to 200 pm result from this. 

[0019] 2. Suspension in an Dispersion Medium 

[0020] In the second step, the antigen-loaded micropar 
ticles in accordance With the invention are placed into a 
dispersion medium Which is suitable for the parenteral 
administration of the microparticles. In this connection it is 
essential for the invention that the dispersion medium be 
biocompatible and biodegradable and in addition have 
advantageous properties for potentiating the immune 
response. Such advantageous dispersion media are, for 
example, aqueous or oily solutions of lecithin or aqueous 
oily emulsions With lecithin at a concentration range of 0.1 
to 20%, preferably 2 to 10%. Further suitable dispersion 
media are so-called microemulsions comprising a Water, oil, 
tenside and co-tenside component. Biocompatible and bio 
degradable substances, such as natural or synthetic mono-, 
di- and triglycerides, lecithin, poloxamers and polysorbates 
are used for this. The dispersion media mentioned are 
charateriZed by surprisingly good Wetting and suspension 
properties for the biodegradable microparticles. These Wet 
ting and suspension properties are for example considerably 
better than those of the usually employed dispersion media, 
such as carboxymethyl cellulose or solutions. The dispersion 
of the microparticles in the dispersion medium can be 
performed simply by shaking, by means of in Which an 
injectable preparation is created. 

[0021] 3. Administration 

[0022] The antigen-loaded microparticles suspended in 
the suspension medium are administered parenterally, 
Whereby this administration can take place once or several 
times at de?ned intervals. The latter form of administration 
is knoWn under the term “booster”. The ?rst and second 
booster dose can be administered 1 to 4 Weeks and 3 to 6 
months after the initial injection, for example. Apotentiated 
immune response lasting for several months is triggered 
folloWing the single or multiple administration of the for 
mulations in accordance With the invention. 
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[0023] 4. Achieving the Potentiated Immune Response 

[0024] The potentiation of the immune response is gener 
ally measured in BALB/c mice after a single, in exceptional 
cases also after a triple parenteral administration of the 
microparticles loaded With synthetic antigens in accordance 
With the invention. A MAP, produced from a universal 
TH-epitope of the tetanus toxin (sequence 947 to 967) and a 
B-cell epitope of the repetitive region of the circumsporo 
Zoite protein of Plasmodium berghei, as Well as a Tc-epitope 
of the circumsporoZoite protein of Plasmodium berghei 
(sequence 252 to 260) are used as synthetic model antigens 
(S. DemotZ et al., J. of Immunology 142, 394-402 (1989); P. 
Romero et al., Nature 341, 323 (1989); J. L. Weber et al.; 
Exp. Parasitology 63, 295 (1987)). The intensity and length 
of the immune potentiation is measured by means of the 
speci?c antibody titers, the T-lymphocyte proliferation and 
the speci?c cytotoxic T-lymphocyte activity. These three 
parameters are determined in accordance With knoWn immu 
nological methods. 

[0025] FIG. 1 illustrates schematically the relevant 
parameters of the immune potentiation achieved by means 
of the process in accordance With the invention. According 
to the present invention patent an immune potentiation 
means that the intensity during the time course of the 
immunological response as a result of an administered 
synthetic antigen has been potentiated With respect to an 
aqueous antigen solution and has been potentiated in a 
comparable or increased amount in respect to an IFA for 
mulation on the levels of the antibody titer, the T-cell 
proliferation and the Tc-stimulation. 

[0026] The possibility arises from this by means of mixing 
biopolymers of different Wettability, sWelling and biodegra 
dation time to potentiate the humoral antibody response as 
Well as the cellular T-lymphocyte response to an extent 
Which is comparable or even greater than the potentiation 
achieved by means of incomplete Freund’s adjuvant. In 
addition, the immune responses in accordance With this 
process can be time-controlled and are prolonged over 
several Weeks in contrast to IPA and aqueous solutions. 

[0027] Because of the custom-made properties of the 
biodegradable microparticles used, the process here 
described makes possible a speci?c potentiation of the 
humoral and cellular immune responses to synthetic anti 
gens, in particular to the so-called MAPS, Which can be 
controlled in its progression over course time. Moreover, the 
process has the extraordinary advantage that it is possible to 
stimulate cytotoxic T-lymphocytes in addition to the speci?c 
and potentiated stimulation of B- and TH-lymphocytes, 
because of Which it is also possible to successfully provide 
immuniZation against viruses, protoZoa and tumor cells in 
particular. It Was surprisingly possible to demonstrate this 
cytotoxic stimulation of T-lymphocytes here for the ?rst 
time. In contrast to the immune potentiation described in PS 
EP-A2-333,523 and PCT WO 92/19263, the present one is 
primarily systemic, i.e. not mucosal, and can be controlled 
in intensity as Well as duration or progression over time. 
Furthermore, a narroW, exactly de?ned particle siZe distri 
bution is not required for the immune potentiation, Which 
entails technological advantages. 

[0028] The process here described is used for the immu 
niZation of humans and animals against diseases caused by 
bacteria, viruses, protoZoa and tumor cells. In particular the 
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immuniZation against viruses, protoZoa and tumor cells, 
Which can be achieved only in an unsatisfactory Way With 
conventional vaccines, i.e. insuf?ciently and by accepting 
undesired side effects, represents a main application of this 
method. The stimulation of the cytotoxic T-cells by means of 
the process in accordance With the invention as Well as the 
immune response lasting over an extended period of time 
constitute the basis for this application. 

[0029] Example 1 describes the potentiation of the anti 
body response to the branched multiple antigen peptide 
identi?ed as P30B2, Which is constructed from a universal 
TH-cell epitope of the tetanus toxin (sequence 947 to 967) 
and a B-cell epitope of Plasmodium berghei: 0.02 g P30B2 
Were dissolved in 2.00 g Water and this solution Was 
subsequently dispersed With the aid of an ultrasonic genera 
tor in a solution of 2.0 g poly(d, 1-lactic acid co-glycolic 
acid) 50:50 (Resomer 502, Boehringer Ingelheim) in 40.0 g 
dichloromethane. Spherical microparticles (RG502) Were 
produced from this dispersion by means of spray drying. 
Microparticles loaded With antigen Were subsequently sus 
pended in a 5% sterile solution of egg lecithin (Ovothin 170, 
Lukas Meyer, D-Hamburg) by shaking. This suspension Was 
subcutaneously injected into a group of 8 BALB/c mice in 
respective amounts of 0.5 ml. The amount of antigen 
injected into each mouse Was 30 pg. A second group of 8 
BALB/c mice Was immuniZed With the same amount of 
antigen in incomplete Freund’s adjuvant (IFA) as a control. 
The antibody titers Were determined by means of ELISA. 

[0030] FIG. 2 shoWs the time course of the immune 
potentiation by RG502 in comparison to IFA, associated 
With Example 1. The antibody titers obtained from RG502 
and IFA are comparable to each other during the ?rst 15 
Weeks folloWing immuniZation. After that the titers induced 
by IFA drop off, While the titers induced by the microcap 
sules regain constant over at least 28 Weeks. Antibody titers 
of 1 to 2-103 Were obtained already tWo Weeks after admin 
istration of a hydrophilic, strongly sWelling, fast-releasing 
and fast degradable biopolymer such as PLGA 50:50, and 
remain constant over a period of at least 28. Weeks. In 
contrast thereto, the titers measured folloWing a single 
administration of an IFA preparation drop off already after 
15 Weeks and after 28 Weeks are only level at 2102 after 28 
Weeks. 

[0031] Example 2 describes the potentiation of the anti 
body response to the branched multiple antigen peptide of 
the designation P30B2 (in accordance With Example 1), 
constructed from a universal TH-cell epitope of the tetanus 
toxin (sequence 947 to 967) and a B-cell epitope of the 
repetitive region of the circumsporoZoite protein of Plas 
moa'ium berghei: 0.02 g P30B2 Were dissolved in 2.00 g 
Water and this solution Was subsequently dispersed With the 
aid of an ultrasonic generator in a solution of 2.0 g poly (d, 
1-lactic acid) (Resomer 206, Boehringer Ingelheim) in 40.0 
g dichloromethane. Spherical microparticles (R206) Were 
produced from this dispersion by means of coacervation, 
induced by the addition of silicon oil. Microparticles loaded 
With antigen Were subsequently suspended in a 5% sterile 
solution of egg lecithin (Ovothin 170, Lukas Meyer, 
D-Hamburg) by shaking. This suspension Was subcutane 
ously injected into a group of 8 BALB/c mice in respective 
amounts of 0.5 ml. The amount of antigen injected into each 
mouse Was 30 pg. A second group of 8 BALB/c mice Was 
immuniZed With the same amount of antigen in incomplete 
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Freund’s adjuvant (IFA) as a reference. The antibody titers 
Were determined by means of ELISA. 

[0032] FIG. 3 shows the time course of the immune 
potentiation by R206 in comparison to IFA, associated With 
Example 2. The antibody titers obtained from the hydro 
phobic, Weakly swelling, sloW-release and sloWly biode 
gradable R206 continuously rise during the ?rst 12 Weeks 
and then reach the level Which had been achieved With IFA 
already 2 Weeks after immuniZation. While the IFA titers 
drop again steadily after approximately 15 Weeks, the R206 
titers remain constant over a period of at least 28 Weeks. 

[0033] Example 3 describes the potentiation of the anti 
body response to the branched multiple antigen peptide of 
the designation P30B2 (in accordance With Example 1), 
constructed from a universal TH-cell epitope of the tetanus 
toxin (sequence 947 to 967) and a B-cell epitope of the 
repetitive region of the circumsporoZoite protein of Plas 
moa'ium berghei: analogously to Example 1, P30B2 Was 
incorporated into poly (d, 1-lactic acid-co glycolic acid) 
75:25 (Resomer RG752, Boehringer Ingelheim) and pro 
cessed into spherical microparticles (RG752). Micropar 
ticles of RG752, RG502 (from example 1) and R206 (from 
Example 2 ) containing identical amounts of P30B2 Were 
suspended in a 5% sterile solution of egg lecithin (Ovothin 
170, Lukas Meyer, D-Hamburg) by shaking. This suspen 
sion Was subcutaneously injected into a group of 8 BALB/c 
mice in respective amounts of 0.5 ml. The amount of antigen 
injected into each mouse Was 30 pg. A second group of 8 
BALB/c mice Was immuniZed With the same amount of 
antigen in incomplete Freund’s adjuvant (IFA) as a control. 
The antibody titers Were determined by means of ELISA. 

[0034] FIG. 4 shoWs the time course of the immune 
potentiation obtained With a mixture of RG506, RG752 and 
R206 in comparison to IFA, associated With Example 3. The 
antibody titers obtained from this microcapsule mixture of 
fast,- amid sloW-release biopolymers rises quickly and 
reaches after tWo Weeks a level higher by a factor of 2.5 than 
the antibody titers achieved With IFA. While the IFA titers 
drop again steadily after approximately 15 Weeks, the titers 
achieved With the microcapsule mixture remain relatively 
constant over a period of at least 28 Weeks. 

[0035] Example 4 describes the potentiation of the anti 
body response to the branched multiple antigen peptide of 
the designation P30B2 (in accordance With Example 1), 
constructed from a universal TH-cell epitope of the tetanus 
toxin (sequence 947 to 967) and a B-cell epitope of the 
repetitive region of the circumsporoZoite protein of Plas 
moa'ium berghei: analogously to Example 1, P30B2 Was 
incorporated into poly (d, 1-lactic acid-co glycolic acid) 
50:50 (Resomer RG502, Boehringer Ingelheim) and pro 
cessed into spherical microparticles (RG502). The micro 
particles loaded With antigen Were suspended in a 5% sterile 
solution of egg lecithin (Ovothin 170, Lukas Meyer, 
D-Hamburg) by shaking. This suspension Was subcutane 
ously injected into a group of 8 BALB/c mice in respective 
amounts of 0.5 ml. The amount of antigen injected into each 
mouse Was 3><10 pg. The injection Was repeated after 16 

days (?rst booster) and 113 days (second booster). Asecond 
group of 8 BALB/c mice Was immuniZed With he same 
amount of antigen in incomplete Freund’s adjuvant (IFA), 
used as reference, and according to the same vaccination 
schedule. The antibody titers Were determined by means of 
ELISA. 
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[0036] FIG. 5 shoWs the time course of the immune 
potentiation after booster injections With RG502 in com 
parison to IFA, associated With Example 4. The antibody 
titers obtained from RG502 and IFA rise comparatively. 
Accordingly, the process in accordance With the invention is 
also suitable for the immune potentiation achieved by boost 
ers. 

[0037] Example 5 describes the potentiation of the TH 
lymphocyte proliferations to the multiple antigen peptide of 
the designation P30B2 in accordance With Examples 1 to 4. 
P30B2 Was incorporated into RG502, RG752 and R206 
analogously to the Examples 1, 2 and 3 and processed into 
spherical microparticles of different degrees of sWelling. 
Identical amounts of microparticles containing P30B2 Were 
suspended in a 5% sterile solution of egg lecithin (Ovothin 
170, Lukas Meyer, D-Hamburg) by shaking. This suspen 
sion Was subcutaneously injected into a group of 8 BALB/c 
mice in respective amounts of 0.5 ml. The amount of antigen 
injected into each mouse Was 30 pg. A second group of 8 
BALB/c mice Was immuniZed With the same amount of 
antigen in incomplete Freund’s adjuvant (IFA) as a refer 
ence. The T-cell proliferation in the lymph nodes Was 
determined in a knoWn manner. 

[0038] FIG. 6 shoWs the T-lymphocyte proliferation 
described in Example 5 14 days after the administration of 
various microcapsule formulations as Well as of an IFA 
preparation. It can be seen from this that all microcapsule 
formulations, i.e. RG502 With fast antigen release, RG752 
With an antigen release of medium rate and R206 With a loW 
antigen release rate, as Well as the mixture of all three 
microcapsule types, all potentiate the T-lymphocyte prolif 
eration in an at least comparable, sometimes even greater 
extent than an IFA preparation. 

[0039] Example 6 describes the triggering of a cytotoxic 
T-lymphocyte reaction to a Tc cell epitope of the circum 
sporoZoite protein of Plasmodium berghei (CTL 359A, 
sequence 252 to 260): 0.008 g of CTL 359A Were dissolved 
in 1.0 g of Water and this solution Was subsequently dis 
persed by means of an ultrasonic generator in a solution of 
4.0 g poly (d, 1-lactic acid-co glycolic acid) (Resomer 502, 
Boehringer Ingelheim) in 60.0 g dichloromethane. Spherical 
microparticles Were produced by means of spray drying. The 
microparticles loaded With CTL 359A Were mixed With 
microparticles loaded With P30B2 in accordance With 
Example 1 in a ratio of CTL 359A 4P30B2 of 1:10 to 
increase the immune response to CTL359A. The mixture of 
the microcapsules Was subsequently suspended in a 5% 
sterile solution of egg lecithin (Ovothin 170, Lukas Meyer, 
D-Hamburg) by shaking. This suspension Was subcutane 
ously injected into a group of 2 BALB/c mice in respective 
amounts of 0.5 ml. The amount of antigen injected into each 
mouse Was 4 pg of CTL 359A and 40 pg of P30B2. The 
Tc-cell response Was determined after 10 and 20 days by 
means of a cell lysis test. 

[0040] FIG. 7 shoWs the Tc-lymphocyte response associ 
ated With Example 6, Which Was determined 10 and 20 days 
after immuniZation, or administration of the formulations. 
The percentile cell lysis activity is represented as a function 
of the effect/target cell ratio E/T. In a surprising manner, the 
simultaneous administration of microencapsulated Tc 
epitope and TH epitope (P30B2+CTL359A in RG502) 
induces a signi?cant Tc-lymphocyte stimulation Which can 



US 2002/0041879 A1 

be observed 20 days after administration. The time course of 
the Tc response Which, in contrast to the TH and antibody 
responses, requires a considerably longer time, appears to be 
of particular interest. 

[0041] It is essential for the invention that biodegradable 
spherical microparticles are proposed Which potentiate the 
immune response to synthetic antigens. By determining the 
physico-chemical properties of the biopolymers used it is 
possible to control the eXtent and time course of this immune 
potentiation. The process furthermore makes it possible to 
stimulate also the cytotoxic T-lymphocytes in addition to the 
antibody and TH-lymphocyte potentiation. The eXtent of 
immune potentiation is at least comparable to the potentia 
tion achieved by means of IFA preparations and its time 
course is clearly prolonged. Aprocess is therefore available 
Which can be employed in the immuniZation of humans and 
animals against diseases caused by viruses, bacteria, proto 
Zoa or tumor cells. 

1. A process for the potentiation of the immunological 
response of humans and animals to synthetic antigens, 
characteriZed in that the synthetic antigen is ?rst embedded 
into biodegradable spherical microparticles, that subse 
quently the microparticles loaded With the synthetic antigen 
are suspended in a dispersion medium and that this prepa 
ration is parenterally administered, by means of Which a 
potentiated immune response is triggered. 

2. Aprocess in accordance With claim 1, characteriZed in 
that a compound consisting of a simple chain With at least 
one B-cell epitope and at least one TH-cell epitope is used as 
the synthetic antigen. 

3. Aprocess in accordance With claim 1, characteriZed in 
that a compound consisting of a repetitively covalently 
linked B-cell epitope and a TH-cell epitope is used as the 
synthetic antigen. 
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4. Aprocess in accordance With claim 1, characteriZed in 
that a compound consisting of a cytotoxic T-cell epitope 
(Tc) is used as the synthetic antigen. 

5. Aprocess in accordance With claim 1, characteriZed in 
that a miXture of at least one TH- and at least one Tc-epitope 
is used as the synthetic antigen. 

6. Aprocess in accordance With claim 1, characteriZed in 
that the synthetic antigon contains B- and T-cell epitopes 
derived from protoZoa or viruses or bacteria or tumor cells. 

7. Aprocess in accordance With claim 1, characteriZed in 
that the synthetic antigon contains B- and T-cell epitopes 
derived from protoZoa or viruses or bacteria or tumor cells 
or an arbitrary combination thereof. 

8. Aprocess in accordance With claim 1, characteriZed in 
that the spherical microparticles are constructed from a 
biocompatible, biodegradable biopolymer, Wherein the 
biopolymer is derived from the group of poly (lactic acid), 
poly (glycolic acid), poly (lactic-coclykolic acid), polyca 
prolactone, poly (hydroXybutyric acid), poly (hydroXybu 
tyric-covaleric acid), polyorthoester or from the polyanhy 
drides. 

9. Aprocess in accordance With claim 8, characteriZed in 
that the biopolymers are derived from at least tWo groups. 

10. Aprocess in accordance With claim 1, characteriZed in 
that an aqueous or oily lecithin solution or an aqueous-oily 
lecithin emulsion is used as the dispersion medium. 

11. Aprocess in accordance With claim 1, characteriZed in 
that a microemulsion is used as the dispersion medium. 

12. Use of the process in accordance With claim 1 for 
immuniZing humans and animals against diseases caused by 
viruses, bacteria, protoZoa or tumor cells. 


